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omputed Tomographic Angiographic Morphology
f Invasively Proven Complex Coronary Plaques
ames A. Goldstein, MD, FACC, Simon Dixon, MBCHB, Robert D. Safian, MD, FACC,
eorge Hanzel, MD, FACC, Cindy L. Grines, MD, FACC, Gilbert L. Raff, MD, FACC
OMPLEX PLAQUE MORPHOLOGY is the angiographic hallmark of unstable coronary
esions. Invasively, complex lesions are characterized by haziness, irregularity, frank ulceration,
ntraplaque contrast persistence, and luminal ﬁlling defect. Computed tomographic coronary angiog-
aphy (CTA) features of plaques in patients with acute coronary syndromes (ACS) are just being
dentiﬁed. However, the CTA correlates of angiographically diagnosed, complex unstable coronary
esions have not been fully delineated. We present a collage of representative images (rogues gallery)
o identify CTA correlates of invasively proven, complex unstable plaques in a cohort of 49 patients
resenting with ACS and/or chest pain. The CTA-documented lesion morphology was strikingly similar
o invasive angiographic features indicative of plaque disruption, including lesion haziness (55%),
rregularity (55%), ulceration (67%), and intraplaque contrast penetration (62%). On CTA images,
omplex lesions typically appeared bulky, hypodense, eccentric (index  0.33  0.29), and positively
emodeled (index  1.5  0.77) (Figs. 1 to 7), with features similar to complex ruptured plaque seen
y intravascular ultrasound (Figs. 1, 2, and 7). Given the increasing use of CTA to evaluate acute chest
ain, characterization of plaque instability has considerable clinical implications. Further studies will be
ecessary to establish the sensitivity, speciﬁcity, and predictive accuracy of CTA for characterization of
omplex plaque.
Figure 1. Appearance of Ulcerated Plaques Found
During CT Angiography
Invasive angiography in a patient with acute coronary
syndrome (A and B) documents a ruptured plaque, that
is, a hazy, ulcerated stenotic lesion (white arrows) with
distal lesion extension (multiple black arrows), in the left
anterior descending artery. Intravascular ultrasound (C)
conﬁrms the ulceration and rupture (arrow). (D) Com-
puted tomographic coronary angiography (CTA) of the
same lesion reveals similarities in morphology such as a
severe luminal compromise (large black arrow) and evi-
dence of intraplaque contrast penetration into a hypo-
dense plaque (small black arrows), which are indicative
of ulceration and rupture. The interposed calciﬁc plaque is
brighter, thereby differentiating it from the zone of con-
trast dye penetration into the ruptured plaque. Addition-
ally, CTA shows the extent and bulkiness of the plaque
and identiﬁes some other purported signs of vulnerability
such as plaque with low Hounsﬁeld unit density and
extensive remodeling (inset, box).
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250Figure 2. CTA Morphology of Ulcerated Plaques Found During Angiography and
Conﬁrmed With IVUS
The CTA image (A) documents a bulky mixed-density lesion (calciﬁc and hypodense
zones) in the proximal right coronary artery (yellow arrow); intravascular ultrasound
(IVUS) (upper yellow box) conﬁrms complex morphology with bulky eccentric dis-
rupted plaque (white arrows). Invasive angiogram (B) reveals a corresponding bulky,
eccentric, hazy lesion (yellow arrow). Further distal in this plaque, CTA demonstrates
contrast penetration indicative of an ulcer (white arrow, A), with IVUS (lower black
box) conﬁrming an ulcer cavity (white arrow); this lesion extension is not apparent on
the invasive angiogram. Abbreviations as in Figure 1.
BAFigure 3. Possible Characteristic CT Features of Angiographically Proven
Ulcerated Plaques: Representative Images From 2 Patients With ACS
(Top panels) Invasive angiogram (A) demonstrates bulky, hazy irregular lesion
severely narrowing the proximal diagonal (large black arrow) and another hazy,
severely irregular, ulcerated lesion in the left anterior descending artery (LAD)
(small black arrows). These are characteristics used for diagnosing ruptured plaque
and culprit lesions in the catheterization laboratory. The CTA images (B) are concor-
dant, revealing a severely stenosed proximal diagonal lesion that is bulky, eccentric,
and hypodense (large black arrow). There is evidence of intraplaque contrast pene-
tration indicative of ulceration and rupture (white arrow); the LAD lesion is simi-
larly irregular, hazy, bulky, and eccentric (small black arrows). (Bottom panels)
Invasive angiography in another patient (C) documents a complex LAD lesion with
punctuate zone of ulceration (white arrow). The CTA image (D) reveals an irregular,
hazy, bulky, and eccentric stenosis with evidence of intraplaque contrast penetra-
tion indicative of ulceration and rupture (corresponding to the punctate ulcer on
the angiogram; red arrows), mid-lesion calciﬁcation, and distal contiguous lucent
plaque, with a lot of positive remodeling (white arrow). Very low Hounsﬁeld units
and signiﬁcant positive remodeling are thought to be markers for a vulnerable
plaque. As is well known, the CTA image reveals that the plaque is often underap-
preciated by invasive angiography, including the extension into the left main (large
black arrow). ACS  acute coronary syndromes; other abbreviations as in Figure 1.
BA
DCFigure 4. Characteristic CT Features Are Not Always Present: Representative
Images From a Patient With Chest Pain Over 2 Weeks
Invasive angiography (A) documents complex, hazy, irregular plaque with extensive
ﬁlling defect in the LAD-diagonal bifurcation (white arrow), which would be consid-
ered a complex ulcerated plaque on angiography. The CTA image (B) reveals a similar
appearing lesion (white arrow) but contrast penetration is not clearly evident, and this
makes identifying ulceration (and thus proving the hazy plaque to be ruptured as
inferred on angiograph) difﬁcult. The CT image shows positive remodeling that is not
evident on the angiogram and low Hounsﬁeld units in the lesion, which are consistent
with a vulnerable plaque. Abbreviations as in Figures 1 and 3.
BAFigure 5. CTA Can Identify More Than 1 Complex Plaque
The CTA can identify more than 1 complex plaque apart from the angiogram-iden-
tiﬁed culprit vessel. The comparative angiographic images document ruptured
plaque by both techniques, but signiﬁcant plaque extension is underappreciated by
invasive angiography. Invasive image (A) reveals a complex ruptured plaque in the
right coronary artery (black arrow). The CTA image (B) similarly demonstrates the
same complex ruptured plaque characterized by a hazy, hypodense ulcerated
plaque (large white arrow); however, more proximally, there is also a bulky lucent
lesion with intraplaque contrast penetration (small white arrows) or spotty calciﬁ-
cation, which are both signs of a complex vulnerable plaque that was not apparent
by invasive imaging. A fair amount of data shows that patients with ACS may have
multiple ruptured plaques. This may be detectable by CTA. Abbreviations as in Fig-
BAures 1 and 3.
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Figure 6. Putative CT Differences Between Unstable and Stable Plaque in
the Same Patient
Panels A to D show comparative images in a patient with unstable, ruptured
right coronary artery (RCA) lesion, but stable plaque in the LAD and circumﬂe
arteries. Invasive angiography (A) documents complex plaque severely narrow
the mid-RCA (black arrow). The CTA images (B) are concordant, revealing a
bulky, eccentric, and hypodense RCA lesion (black arrow) with intraplaque co
trast penetration indicative of ulceration and rupture (white arrow). Panel C
shows stable plaque in the left coronary artery from same patient. Invasive
angiogram (C) demonstrates noncomplex mild plaque in the mid-LAD (white
arrows). The CTA image (D) similarly reveals mild noncomplex plaque with p
tate calciﬁc elements and moderate luminal narrowing (white arrows) but lac
ing the bulky, hypodense disrupted features characteristic of complex plaque
Abbreviations as in Figures 1 and 3.
Figure 7. Putative CT Differences Between Unstable and Stable Plaque in
the Same Patient
The CTA image (A) documents an ulcerated, bulky, eccentric, hypodense mid-
RCA lesion; IVUS conﬁrms complex morphology with bulky, eccentric, disrupte
plaque in the proximal (middle box, white arrows) and distal (lower box, yel-
low arrows) aspects of this lesion. Invasive angiography (B) reveals a concor-
dant bulky, eccentric, scalloped complex RCA lesion (white and yellow arrows
Proximally to the culprit lesion, CTA documents a bulky, eccentric, hypodense
lesion (red arrows) conﬁrmed by IVUS (upper red box), which is less apparent
by invasive imaging. An invasive angiogram (C) demonstrates noncomplex ste
notic plaque in the mid-LAD (white arrow). The CTA image (D) similarly revea
noncomplex plaque lacking the bulky, hypodense disrupted CTA features char
acteristic of complex plaques. Abbreviations as in Figures 1, 2, 3, and 6.ospital, 3601 West 13 Mile Road, Royal Oak, Michigan 48073.x
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